INTRODUCTION
The exocrine pancreas consists of two different cell types. The pancreatic acinar cells produce and secrete the digestive enzymes, whereas the pancreatic ductal epithelial cells (PDEC) secrete high quantity of HCO3 --rich low viscosity fluid. The alkaline pancreatic fluid secretion, in response to meal washes the digestive enzymes out of the pancreatic ductal tree and neutralises the acidic chyme entering the duodenum. The function of the pancreatic ductal fluid and HCO3 -secretion used to be underestimated; however recent findings suggest that it plays a central role in the physiology and pathophysiology of the pancreas. Importantly, HCO3 -neutralises protons secreted by the acinar cells and keeps trypsinogen and most probably other proteases in an inactive form We also have to highlight that one of the most common pathogenic factors for acute pancreatitis (bile acids) impair ductal HCO3 -secretion which likely contributes in a major manner to the pancreatic damage. However the exact mechanism of the inhibitory effects of bile acids has not been revealed yet, moreover we have no information about the effects of the other most common pathogenetic factor (ethanol) on the pancreatic ductal secretion.
The physiology of the pancreatic ductal HCO3 -secretion
Pancreatic ductal HCO3 -secretion can be divided to two separate steps, first the accumulation of the HCO3 -ions in the cells via the basolateral membrane and second the secretion into the ductal lumen across the apical membrane. The basolateral accumulation is carried out by a Na + /HCO3 -cotransporter (NBCe1-B), which transports 1 Na + and 2 HCO3 -into the cells, driven by the high intracellular Na + gradient. Another possible mechanism for the HCO3 -accumulation is the passive diffusion of CO2 trough the cell membrane, followed by the carbonic anydrase mediated conversion of showing that protons co-realsed during exocytosis cause significant acidosis in the lumen of the acini.
Physiological stimulation of exocytosis causes a decrease in the extracellular pH of up to 1 pH unit.
Pathophysiological stimuli using supramaximal concentration of cerulein evokes more enhanced and prolonged acidification of the lumen. Bhoomagoud et al. showed that that an acute acid load given in vivo enhanced cerulein-induced trypsinogen activation and pancreatic oedema. These findings also suggest that low pH environments might play an important role in the pathogenesis of acute pancreatitis. 
1.3.

AIMS OF THE STUDY
I.
Excessive ethanol consumption is one of the most common cause of acute pancreatitis, but it is not know in details how ethanol, or ethanol metabolites influence the pancreatic ductal secretion. Therefore the aim of this study was to characterize the effects of ethanol and ethanol metabolites on the pancreatic ductal epithelial cells.
II.
Earlier we showed that the non-conjugated bile acids can inhibit the pancreatic ductal HCO3 -secretion in high concentration, but the mechanism of inhibition remained elusive, therefore we aimed to assess the inhibitory mechanisms of bile acids. 
Isolation and culture of guinea pig pancreatic ducts
4-8 week-old guinea pigs were sacrificed by cervical dislocation and intra/interlobular ducts were isolated by enzymatic digestion and microdissection from the pancreas and cultured overnight as previously described. Single pancreatic ductal cells were isolated as described previously.
Maintenance of CFTR knockout mice
CFTR knockout mice were originally generated by Ratcliff et al. The mice were congenic on the FVB/N background. The animals were kept at a constant room temperature of 24°C with a 12 h light-dark cycle. The mice received electrolyte drinking solution containing polyethylene glycol (PEG) and high HCO3 − and a fibre-free diet. The mice used in this study were 6-8 weeks old and weighted 20-25 grams, the gender ratio was 1:1 for all groups.
In vitro measurement of pHi, [Ca
2+ ]i, (ATP)i and (∆Ψ)m
Isolated guinea pig pancreatic ducts, or Capan-1 cells were incubated in standard HEPES solution and loaded with BCECF-
or TMRM (100nmol/L) respectively for 30 min at 37°C. The HCO3 -efflux across the luminal membrane was determined by NH4Cl pulse and luminal Cl -withdrawal as described previously. For (∆Ψ)m measurements glass bottom petri dishes were perfused continuously with solutions containing 100nmol/L TMRM at 37 o C at a rate of 2-2.5ml/min.
In vitro measurement of pancreatic fluid secretion
Fluid secretion into the closed luminal space of the cultured guinea pig pancreatic ducts was analysed using a swelling method. The ducts were transferred to a perfusion chamber. Bright-field images were acquired at 1 min intervals using a CCD camera. Digital images of the ducts were analysed using Scion Image software to obtain values for the area corresponding to the luminal space in each image.
Magnetic resonance imaging of the exocrine pancreatic fluid secretion
Magnetic resonance imaging (MRI) was performed to measure the pancreatic exocrine function as described previously before and 24 hours after intraperitonal injection with the mixture of 8 1.75 g/kg ethanol and 750 mg/kg palmitic acid. Strong T2-weighted series of the complete abdomen were acquired before and after retroorbital injection of secretin. The volume of intestinal fluid was assessed before and after secretin stimulation and total extracted volume (TEV) was calculated.
Electrophysiology
Single PDEC and Capan-1 cells were prepared as described above. Few drops of cell suspension were placed into a perfusion chamber. Membrane currents were recorded with an Axopatch1D amplifier using whole cell at 37°C. Current-voltage (I/V) relationships were obtained by holding Vm at 0mV and clamping to ±100mV in 20mV increments. Analyses were performed by using pClamp6 software after low-pass filtering at 1kHz.
Quantitative real-time reverse transcription polymerase chain reaction (qPCR)
Total RNA was purified from individual cell culture samples using the RNA isolation kit. All the preparation steps were carried out according the manufacturer's instructions. Gene expression was performed using the TaqMan probe sets of CFTR gene. The final relative gene expression ratios were calculated as ΔCt values.
Immunofluorescence
Cultured cells. For CFTR immunostaining Capan-1 cells were fixed in 4% paraformaldehyde (PFA). For CFTR detection cells were incubated with anti-NBD2 monoclonal primary CFTR antibody obtained from CF Foundation.
Guinea pig pancreatic tissue. Guinea pigs were treated with a mixture of 0.8g/kg ethanol and 300mg/kg palmitic acid i.p.. The animals were sacrificed 3, 6, 12 and 24 h after the injection. Primary antibody "Mr Pink" (rabbit polyclonal antibody against human CFTR) was applied.
Statistical Analysis
All data are expressed as means±SEM. Significant differences between groups were determined by analysis of variance.
Ethical Approvals
All experiments were conducted in compliance with the Guide for the Care and Use of Laboratory Animals (National Academies Press, Eight Edition, 2011), and were approved by Committees on investigations involving animals at the University of Szeged and also by independent committees assembled by local authorities. 
Ethanol and fatty acids inhibit the pancreatic ductal ductal fluid secretion
To detect the pancreatic ductal fluid secretion in vitro we used isolated guinea pig pancreatic ducts. Administration of 100mM ethanol, or the non-oxidative ethanol metabolite POA (200µM) for 30 min markedly reduced the pancreatic fluid secretion. To assess the effects of ethanol and ethanol metabolites to the in vivo exocrine pancreatic secretion, we used MRI cholangiopancreatography to measure the total excreted volume (TEV) in anesthetised mice. We compared the TEV of wild type (WT) animals to CFTR knockout mice, which was significantly lower. We reassessed the secretion 24 h after the i.p. injection of 1.75g/kg ethanol and 750mg/kg palmitic acid (PA), which markedly impaired TEV in WT and almost completely abolished in CFTR KO mice. ]i elevation is due to release from the ER via the activation of IP3R and RyR. 
Low concentration of ethanol stimulates both the apical
High concentration of ethanol and fatty acids induce (ATP)i depletion and
Ethanol and non-oxidative ethanol metabolites cause translocation and expression defect of CFTR in PDEC
To investigate the effects of ethanol and ethanol metabolites on the protein expression levels,
Capan-1 cells were incubated with ethanol, POAEE or POA and changes in CFTR expression were measured. We showed that high concentrations of ethanol, POAEE and POA time-dependently decreased both the mRNA and protein expression of CFTR. To test whether these effects could be observed in vivo as well, guinea pigs were injected i.p. with 0.8g/kg ethanol and 300mg/kg palmitic acid (PA). Apical CFTR expression was significantly decreased 12 and 24 h after the treatment.
The effects of bile acids on the mitochondrial morphology and (ATP)i level in pancreatic ductal epithelial cells
To investigate the effects of high concentration of bile acids on the mitochondrial morphology isolated pancreatic ducts were exposed to 1mM CDC, which strongly damaged all of the mitochondria and decreased the intracellular ATP level.
The effect of (ATP)i depletion on the bicarbonate secretion of pancreatic ductal epithelial cells
To characterize the effects of (ATP)i depletion on the activities of NHE, NBC and CBE, we used the NH4Cl pulse technique in HCO3 --buffered solution. Combined administration of CCCP and DOG/IAA significantly inhibited the activity of the acid/base transporters. These observations suggest that depletion of (ATP)i is the key element which inhibits NBC, NHE and CBE.
DISCUSSION
In this present work we have demonstrated that ethanol, as well as its non-oxidative metabolites cause impairment of pancreatic ductal fluid and HCO3 -secretion via toxic cellular Ca According to our findings, the ATP depletion directly inhibited pancreatic ductal HCO3 -secretion. Our The aim of this study was to characterize the effects of ethanol and ethanol metabolites on the pancreatic ductal epithelial HCO3 -secretion and to dissect the inhibitory effect of non-conjugated bile acids on the pancreatic HCO3 -secretion.
Methods:
We studied the effects of ethanol, fatty acids, and fatty acid ethyl esters on secretion of 
